In this work, monomeric and dimeric species of α-and β-cellulose were vibrationally characterized by using theoretical calculations derived from the density functional theory (DFT) and the scaled quantum mechanical force field (SQMFF) methodology. Here, the experimental available FT-IR and Raman spectra and the experimental available structure for the β-form were used in order to perform the assignments of the 129 normal vibration modes for both α-and β-cellulose forms. Raman bands and shoulders at 1258, 1153, 1123, 918, 907, 897, 864, 744, 727, 721, 483 and 281 cm -1 could probably support the presence of two proposed dimeric species of cellulose in the solid state. The structural properties reveal differences between both monomeric α-and β-cellulose species mainly evidenced by their molecular electrostatic potentials. The high dipole moment values and the higher populations for the β-form could support the major proportion found experimentally for this form. The volume contraction observed for the β-dimer could be related to their lower dipole moment in solution in relation to that observed in the gas phase. The reduction of the glycosidic angles for both forms in solution support their rigid structures, as was experimentally observed. The atomic charges on the O atoms belonging to the glucopyranose rings and to the glycosidic bonds (O33) present the lower values. The NBO and AIM studies suggest the presence of α-and β-cellulose in the two media but the major quantity of H bonds predicted for the β-form and their high donor-acceptor interaction values could support their most important proportion existent of this form in the earth. Similar reactivities were found in gas phase but the α-form is more reactive in solution than the other one probably because the electrophilicity and nucleophilicity for the β-form show lower values than the α ones.
INTRODUCTION
Different crystalline and amorphous cellulose structures and their derivatives were widely studied since long time by using X-ray or electron diffraction techniques. Besides, different spectroscopic methods were employed to characterize these structures being one of the most used the vibrational spectroscopy and, for this reason, only some of these studies are mentioned here . But, so far, there are not complete assignments of their infrared and Raman spectra because these structures are strongly dependent of the cell wall of the different cellulose fibers where they are present type (wood) and the applied procedure, as clearly was reported by Popescu et al. [17] and by Szymańska-Chargot et al. [22] . For instance, Forziati and Rowen have found changes in the crystalline structure of bacterial cellulose, cotton fibers and Valonia cell wall by using infrared spectroscopy [1] while microcrystalline cellulose was extracted from cotton waste by Lokshina et al [32] or from natural fibers by Kavkler and Demšar [25] . In the latter work the authors have demonstrated that different external factors (physical, chemical or biological) modify the composition of the natural cellulosic fibers structures. Furthermore, as cellulose is a large polymers chain of glucose connected by β-acetal linkages it is necessary first to perform a very good structural analysis previous to their vibrational study. From this vibrational point of view, only the main bands observed in the infrared and Raman spectra were reported by several authors [1-7,11-14,17,18,22 -27,31] . Because of the industrial importance to identify the structures of cellulose and its derivatives by using the vibrational spectroscopy, in this work a structural and vibrational study on different cellulose structures were performed in order to know their structural properties and report the complete assignments of their vibrational spectra. With these purposes, α and β-cellulose monomeric structures (two glucose units) and their corresponding dimeric species (four glucose units) were simulated and optimized in the gas phase and in aqueous solution by using the hybrid B3LYP/6-31G* calculations [33, 34] . As mentioned by Higgins et al. [4] first, it is necessary to know the detailed vibrational assignment for the monomeric units in order to interpreting the polymer spectrum. After that, their atomic charges, bond orders, stabilization energies, molecular electrostatic potential (MEP) surfaces and gap energy values can be calculated in order to observe the differences among the structural properties for the two α and β-cellulose forms. All those properties were computed in gas and aqueous solution phases by using natural bond orbital (NBO) [35] , atoms in molecules (AIM) [36] and frontier orbitals [37] calculations. Later, the force fields only for the isolated monomeric structures were performed employing the scaled quantum mechanical force field (SQMFF) procedure [38] with the Molvib program [39] and, by using their corresponding internal normal coordinates. The low numbers of normal vibration modes justify the study only for those two monomeric structures while for the dimeric species the vibrational analysis was performed with the aid of the GaussView program [40] . Here, the predicted IR and Raman spectra for both monomers and dimers were compared with those experimental available reported by several authors for different cellulose structures [1 -3,6,14,17,23,24,32] . In general, the different reported IR spectra for cellulose structures show clearly a similar pattern of bands but the differences observed are attributed to the diverse treatments of the processed samples in order to obtain thinner fibers, as those mentioned by Tsuboi [3] , Higgins et al [4] and Popescu et al [17] . The differences reported by Higgins et al [4] analyzing the influences of different factors on the positions of the bands in the IR spectra of cellulose were also observed here for both α-and β-anomers of cellulose. Vol-1 Issue-2
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Computational details
The initial structure of β-cellulose was taken from that experimental reported by Nishiyama et al [11] from Synchrotron X-ray and Neutron Fiber Diffraction. Later, the α-cellulose structure was built from that experimental β-cellulose changing the positions of the groups and taking into account that two glucose monomers have 1-4 linkage, as indicated in Figure S1 of the Supporting material. Both α-and β-cellulose monomeric structures were optimized by using the hybrid B3LYP/6-31G* method with the Gaussian 09 program [41] .
After that, the dimeric species of both forms were built considering that in the α-cellulose dimeric structure the monomers have the same orientation, as can be seen in Figure S1 . Figure 1 show both α-and β-cellulose monomeric structures together with the atoms labeling and the identification of their glucopyranose rings while their corresponding α-and β-cellulose dimeric species are presented in Figures 2 and 3 , respectively. In aqueous solution, the self consistent reaction field (SCRF) method was used together with the polarized continuum (PCM) while the solvation energies were predicted using the solv- ation (SD) model with the option SMD, as implemented by the Gaussian program [42] [43] [44] . The Moldraw program [45] was employed to compute the volume variations for all the species in both media considering the differences between the values in solution in relation to the values in the gas phase. The atomic charges derived from the molecular electrostatic potential named Merz-Kollman (MK) [46] and the natural population atomic (NPA) were analyzed for the monomeric species of cellulose using the same level of theory and the NBO program [47] . On the other hand, the AIM2000 program [48] was used to compute the topological properties while the gap energies and some interesting descriptors were obtained using the HOMO-LUMO orbitals [37, 49] . This way, the reactivities and behaviours of all the species were predicted using the gap values and the chemical potential (μ), electronegativity (χ), global hardness (η), global softness (S) and global electrophilicity index (ω) descriptors at the same level of theory [50] [51] [52] [53] [54] . Taking into account that the equations are generally known these were presented as supporting material. The force fields were computed only for the monomeric species by using the SQMFF methodology [38] and the Molvib program [39] while the internal coordinates for those cellulose species were taken of those reported for carbohydrate compounds with similar rings [55] [56] [57] [58] and, for this reason, these were not presented in this work. The complete vibrational assignments of the monomeric cellulose structures were performed taking into account the potential energy distribution components (PED) 10% while for the dimeric species the GaussView program [40] was used as an aid to perform the assignments. After that, the calculated properties for α-and β-cellulose species were analyzed and compared later with those properties reported for some compounds with similar rings, such as some carbohydrates [55] [56] [57] [58] .
Experimental available infrared and Raman spectra
The experimental infrared spectra for microcrystalline cellulose in the 4000-400 cm -1 region were taken from Refs. [6, 23, 24, 26, 32, 60, 61] while the IR bands in the lower wavenumbers (400-10 cm -1 ) region were taken from that terahertz IR spectrum reported by the National Institute of standard and Technology in Ref [59] . Here, it is necessary to clarify that all the IR spectra recorded from different cellulose structures show practically the same profiles of bands only that in some spectra the bands have a very good definition or they are observed with major intensities than other ones, as observed in Figure S2 . Obviously, the differences observed are due to the previous treatments of the processed samples. The Raman spectrum of cellulose in the solid state was taken from that reported by Søren B. Engelsen for Food Technology KVL, as indicated in Ref.
[62].
Results and discussion
Structural analysis
For the two monomeric cellulose structures and their dimeric species, the total and relative energies, dipole moments and populations calculated in gas and aqueous solution phases using the hybrid B3LYP/6-31G* level of theory can be seen in Table 1 . In general, the monomeric and dimeric species show that the β-forms are the most stable in both media with higher dipole moment and population values, presenting the β-dimeric species the higher populations in both media, as obviously it is expected because the real cellulose structure is polymeric and, as a consequence the structures with four units are most stable than those with two units. The dipole moment value for the β-form in gas phase (3.67 D) is in good agreement with the value of 4.4 D reported by Agarwal et al. [63] for this form from atomistic molecular dynamics (MD) simulations. Besides, the magnitude, orientation and directions of both vector dipole moments are different from both monomeric structures, as can be seen in Figure S3 . The α-form shows the vector located in a direction forming angles on the xz and yz planes while in the β-form the vector is directly on the y-axis, as observed in Figure S3 and, as reported by Agarwal et al. [63] because the cellulose polymer consists of alternating glucose units with 180• flips along the y-axis. Here, it is very important to clarify that the OH and CH 2 OH groups belonging to the R2 rings in both forms remain without change while the CH 2 OH groups belonging to the R1 rings change their positions in the α and β-forms. In aqueous solution, the populations of α-monomeric forms increase significantly from 0.20 to 1.28 while the populations of the corresponding dimeric ones decrease from 0.15 to 0.00. Note that, in both monomeric and dimeric forms the higher dipole moment values are related to the most stable structures, a result also observed in other molecules [64] [65] [66] . When the energy values of two units of the β-forms in gas phase (-1297 .8854 x 2= 2595.7708 Hartrees) are compared with those corresponding to the dimeric species (-2519.3660
Hartrees), a lower energy value it is observed for that dimer suggesting a higher stability for the β-form in gas phase. Similar results are obtained when the energy values for the dimers are corrected by Basis Set Superposition Error (BSSE) by using the standard Boys-Bernardi counterpoise method [67] .
A comparison of calculated geometrical parameters for the two monomeric species of cellulose with the corresponding experimental ones determined for the β-form by Nishiyama et al [19] is summarized in Table 2 . The root-mean-square deviation (RMSD) was used to compare the theoretical geometrical parameters with the corresponding experimental ones and the RMSD values for lengths and angles are also presented in Table 2 . Thus, analyzing exhaustively these results the better concordances are obtained for the bond lengths (0.017-0.015 Å) of both forms while only for the β-form in both media it is observed lower RMSD values in the bond angles (2.9º),
as compared with the α-form (3.5-3.4º). In general, the higher differences between both α-and β-structures are observed in the dihedral O17-C11-C9-O16 and O15-C18-O34-C26 angles where the B3LYP/6-31G* calculations in the two media predicted those first angles with negative signs while in the second one with positive signs, as observed in Table 2 . The same signs observed for both forms in the two media are different from those experimental ones which could indicate that these changes can be dependent of the used method, as verified by us by using the wb97xd/6-31G* method. In general, the parameters for both forms show that in aqueous solution the structures practically no change and that the two forms could exist in this media, as the cellulose I structure that is a mixture of both forms with major proportion of the β-form [17, 63] . But, analyzing the glycosidic C1-O33 and C24-O33 bonds in solution, it is observed that the increasing in the former bond is of 0.014 Å in α and of 0.01 Å in β while in the other one the increasing is of 0.005 Å in α and of 0.009 Å in β. This little difference in both forms in solution probably suggest that the hydrogen bonds due to the hydration or to other adjacent cellulose units restrain the flexibility of the glycosidic linkage and therefore the structures are most rigid in this medium, as reported by Bellesia et al. [20] . The reduction of the glycosidic C1-O33-C24 angles in both forms in solution support the rigid structures of both forms in solution, as observed of Table 2 . At this point, it is observed that the B3LYP/6-31G* calculations underestimate the geometrical parameters, as compared with the experimental values and, that these structures can be perfectly used to perform later the vibrational analysis. Table 3 shows the molecular volume and calculated solvation energy values for the two monomers cellulose and their dimers in different media by using the B3LYP/6-31G* method. Both monomeric species present practically the same variations in solution while higher variations and differences are observed for the dimeric species in aqueous solution, as expected due to the presence of more solvated OH groups. Whereas α-dimer present a vol-Vol-1 Issue-2
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ume expansion in solution the β dimeric form show contraction. Hence, it is evident that in the polymer exist differences between the properties of both forms. Moreover, in both monomeric species there are volume expansions in solution, as observed for sugars such as lactose and maltose [57, 58] . On the other hand, the corrected solvation energy values calculated for both monomeric forms present values comparable to those observed for maltose anhydrous species (183-177 kJ/mol). In this case, it is observed that the α-form with higher volume variation present the higher solvation energy value probably because this species present higher hydration in solution, as supported by the increase in the dipole moment value (see Table 1 ). On the contrary, the volume contraction observed for the β-dimer could be related to their lower dipole moment in solution (8.49 D) in relation to that observed in the gas phase (8.58 D) as a consequence of higher O---O interactions in these species generating lower solvation energy. Note that the hydration increases the solvation energies as supported by the lactose [57] and maltose monohydrated [58] and sucrose di-and penta-hydrated [56] .
Charges, molecular electrostatic potentials (MEP) and bond orders (BO) studies
In this work, the atomic MK and NPA charges [35, 46, 47] were studied by using the B3LYP/6-31G* method and, their values in both media are presented in Table S1 . The calculated NPA charges on the O and H atoms present higher values than the MK charges in both media while the MK charges on the C atoms have higher values than the NPA ones, as observed in Table S1 . Besides, some values on the atoms of both forms increase in solution while other decreases. Note that the NPA charges on the C11
and C28 atoms of the two cellulose forms in both media present negative signs different from the MK charges because those two atoms have positive signs. A possible explanation could be attributed to that those two C atoms belong to the CH 2 groups of the side chain of both cellulose forms. Hence, the different magnitudes and orientations of the dipole moment vectors of both α-and β-forms could be strongly related to the different charges signs and positions of the CH 2 -OH groups because in the α-form those groups are confronted while in the β-form have opposing positions, as observed in Figure   1 . On the other hand, the MK charges on the C20 atoms for the two cellulose forms in both media have negative signs different from those corresponding NPA charges. When the charges on the O atoms are analyzed those atoms belonging to the glucopyranose rings (O16 and O34) and to the glycosidic bonds (O33) present the lower charge values. In relation to the charges on the H atoms, the H13 and H29 atoms belonging to the CH 2 groups and those atoms closer to the C-O bonds of both glucopyranose rings (H2, H19, H10 and H27) have low MK and NPA values.
The differences between both α-and β-forms in the two media can be clearly seen when the molecular electrostatic potential values presented in Table S2 are analyzed. Thus, in both forms the O35 atoms not change their positions and, for these reasons, these atoms exhibit the higher negative MEP values while the O14 and O32 atoms present also the higher MEP values in the α-and β-forms, respectively. Regarding the H atoms, these have the less negative values, as expected, where the H37 atoms have the lower values together with the H41 and H42 atoms of both forms where these latter atoms be-Vol-1 Issue-1
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long to the groups OH that not change their positions while the H37 atoms have different positions in the α-and β-forms. When the mapped surfaces for these two forms are evaluated from Figure S4 it is observed that the red and blue colorations on the R2 rings of both forms remain without change while those colorations change on the R1 rings. Hence, the strong red colours are observed on the O35 atoms representing these clear nucleophilic sites (> MEP, Table S2 ) while the blue colours are located on the 
Donor-acceptor interaction, bond order (BO) and AIM study
For both cellulose structures, NBO [35, 47] and AIM [36, 48] calculations were performed in order to know the donor-acceptor interaction energies, the bond orders and their topological properties. Thus, Table S3 summarize the bond orders expressed as Wiberg indexes while the donor-acceptor interaction energies obtained from the second order perturbation calculations for the two monomeric species can be seen in Table S4 . Analyzing first the bond orders corresponding to the atoms involved in the glycosidic linkages (C1-O33 and C24-O33) it is observed that the BO values for the O atoms are practically the same in both bonds while the BO values for the C24 atoms in both media are higher for the α-form than the values corresponding to the β-ones, in accordance with their higher MEP values forms.
Evaluating the donor-acceptor interaction energies from Table S4 , it is observed that: (i) the most important interactions for both forms are observed due to the lone pairs of the O atoms, (ii) the LP(2)O16→s*O35-H40 interaction only is observed in the α-form while the LP(2)O14→s*O35-H40 interaction appear only in the β-form and, (iii) the LP(2)O14→s*C3-H4 interaction is not observed in the β-form in solution. Hence, the total energy
show that the α-form is the most stable in gas phase while in solution a slight major stability it is observed for the β-form. Therefore, both forms can be seen in solution and, also, probably in the solid state, showing the β-form the major stability in both media [17, 63] . Table S5 shows the analysis of the bond critical points (BCP) for the two cellulose forms in gas and in aqueous solution phases computed by using the B3LYP/6-31G* Method. According to the Bader's theory of atoms and molecules (AIM) [36, 48] , in this analysis the topological properties are calculated in order to find different interaction's types such as the H bonds. Hence, the charge electron density, (ρ) and the Laplacian values, in the bond critical points (BCPs) for both cellulose forms were calculated with the AIM2000 program [48] .
This study justify the high stability of the α-form in the gas phase because for this species it is observed three H bonds interactions (three BCPs) and five ring critical points (RCPs) of which two of them belong to the glucopyranose R2 and R1 rings, as indicated in Figure S5 . In solution, the stability of that form increases because in this medium are observed four BCPs and six RCPs. Note that for this form in solution appear the O14---O32
interaction while for the β-form in both media are observed two O---O interactions. Here, it is necessary to clarify that similar O---O interactions were observed in both anhydrous and monohydrated maltose species [58] . For both cellulose forms, it is observed that the calculated properties are strongly related with the distances between the atoms involved in the interactions, thus, high ( ) and values are observed for shorter distances, hence, these properties for the O14---H40 interactions observed in both forms present the higher values, as shown in Table S5 . This study support the high stability of the β-form in both media and of the α-form in the gas phase.
HOMO-LUMO and descriptors studies
To predict the reactivity and behaviors of both cellulose forms in the different media is of great interest because Vol-1 Issue-2
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Kavkler and Demšar [25] indicate that different external physical, chemical or biological factors have influence on the composition of the natural cellulosic fibers structures. Thus, the gap values for both cellulose forms were calculated according Parr and Pearson [37, 49] in gas phase and in aqueous solution using the frontier orbitals, as can be seen in Table S6 . Then, some descriptors [50] [51] [52] [53] [54] were also computed in order to predict the behavior of both forms and the equations used are presented in Table S6 . Analyzing the gap values it is observed that both forms in gas phase have practically the same reactivities but the α-form is more reactive in solution than the other one. The comparison of these values with those calculated for trehalose (8.0-7.9 eV) [67] , maltose (7.8-7.6 eV) [58] and lactose (7.5-7.2 eV) [57] shows that the reactivities of both cellulose forms are similar to those found for maltose and lactose probably because the components monosaccharides in maltose, it is glucose 1α→4glucose and in lactose, it is galactose 1β→4glucose, are similar to cellulose where are observed 1→4
linkage of α or β glucose monomers. On the other hand, analyzing the chemical potential (μ), electronegativity (χ), global hardness (η), global softness (S), global electrophilicity index (ω) and mucleophilic index (E) descriptors from Table S6 it is observed that both (ω) and (E) indexes show lower values for the β-form than the α ones. Besides, the comparison with other descriptors (Table S7 ) reported for different species of lactose, maltose and trehalose [57, 58, 68] shows that the values for both cellulose forms in the two media are similar to the anhydrous and monohydrated maltose species, possibly due to the similarity in the linkage of α or β glucose monomers.
Vibrational study
The B3LYP/6-31G* calculations predicted the two cellulose species with C 1 symmetry where each monomeric species has 45 atoms and, for this reason, 129 normal vibration modes actives in the infrared and Raman spectra are expected for both forms. Figure S2 show all profiles of bands observed in different experimental available IR spectra for cellulose in the solid state reported by various authors in the 4000-400 cm -1 region [6, 23, 24, 26, 32, 60, 61] . In the 400-10 cm -1 region we have considered all the bands observed in the terahertz IR spectrum reported in Ref [59] . The positions of the IR and Raman bands which are summarized in Table 4 were taken from Refs. [6] and [59] and compared with bands observed in the IR spectrum from Ref [32] and in the experimental Raman according to Ref [62] . Figure 4 show the comparisons between the experimental available IR spectrum from Ref [32] and those predicted by the calculations for the α-and β-forms monomeric and dimeric species in gas phase in the 4000-0 cm -1 region. On the other hand, the comparisons between the experimental available terahertz IR spectrum taken from Ref [59] and those predicted by the calculations for the same species can be seen in Figure S6 . Note that both monomeric and dimeric forms show in general approximately the same profile of bands but between the α-and β-forms clearly there are shifting and increasing in the intensities of some bands, as observed in the predicted IR spectra presented in Figures S7, S8 and S9 . Hence, the observed differences among their studied properties seen in above sections. Figure 5 show the comparisons between the experimental available Raman spectrum from Ref [62] with those predicted by the calculations for the α-and β-forms monomeric and dimeric species in gas phase in the 4000-0 cm -1 region. Note the very good correlations among the predicted and experimental Raman spectra are obtained when the theoretical activities Raman for both forms, presented in Figure S10 , are transformed to intensities by using the equations reported in Vol-1 Issue-1
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the literature [69] [70] [71] . Figure S11 shows the predicted Raman spectra for both dimers. In Table 4 are also presented the scaled frequencies for both forms by using SQM/B3LYP/6-31G* calculations and their corresponding assignments while for the dimeric species the assignments were performed with the GaussView program [40] .
The scale factors used were those reported in the literature [38] for B3LYP/6-31G* calculations. In this work, the vibrational assignments for the monomers were performed by comparison with those reported for different cellulose structures [1] [2] [3] [4] [5] [6] [7] [11] [12] [13] [14] 17, 18, [22] [23] [24] [25] [26] [27] 31] and for some carbohydrates [55] [56] [57] [58] 68] , and with our B3LYP/6-31G* calculations. These results can be obtained at the request of the authors. Brief discussions of the assignments for some groups are presented at continuation.
4.6.1. Band Assignments 4.6.1.1. O-H modes. In this region, the broad IR bands observed in Figure 4 shows clearly that different intra and inter H bonds are expected for both cellulose forms, as reported by Guo and Wu [72] , where the characteristics of both interactions are different. Here, the SQM calculations predicted the modes for both monomers between 3590 and 3480 cm -1 while for the dimers between 3742 and 3549 cm -1 . Figure S7 shows clear differences between α-and β-cellulose where the most intense IR band is attributed to the intra molecular H bond O14---H40 formed in β-, as revealed by NBO and AIM analyses (Tables S4 and S5 and, Figure S5 ). Hence, it region is useful to identify α-cellulose from β-cellulose, as suggested by different authors [1] [2] [3] [4] [5] [6] 31, 72, 73] and, by Figs. S7
and S9. The presence of IR and Raman bands associated to both monomeric and dimeric forms suggest that all these species could exist in a crystalline cellulose sample, as reported by Kataoka and Kondo [74] where they have showed from IR spectra that the cellulose in the primary cell wall is rich in the metastable α crystalline form and present higher crystallinity than the secondary wall cellulose composed mainly of the stable β crystalline phase. Table 4 shows the detailed assignments of all the OH stretching modes corresponding to the monomeric and dimeric species. The in-plane OH deformation modes are predicted in different regions for monomer and dimers, thus, these modes can be easily assigned to the IR and Raman bands between 1397 and 1200 cm -1 , as indicated in Table 4 . The out-of-plane deformation modes for the two monomeric and dimeric forms are predicted in different regions, hence, for the monomers are predicted between 571 and 248 cm -1 while for the dimeric forms between 477 and 280 cm -1 .Thus, they were assigned accordingly. These modes in anhydrous trehalose forms are assigned at 476-189 cm -1 while in their dihydrated species at 1389-163 cm -1 [68] . On the other hand, in anhydrous maltose these modes are assigned at 537-182 cm -1 while for the monohydrated species at 884
CH modes.
In the stretching CH modes there are differences between the positions of the bands associated to these modes in both α-and β-cellulose, as can be seen in Figure S7 and Table 4 . Thus, the SQM calculations predicted the C24-H25, C3-H4 and C1-H2 stretching modes at higher wavenumbers for the α-form than the β-one. This shifting is in accordance with that reported for the α-anomer by Higgins et al [4] than the β-form. Note that in the dimeric forms these modes are predicted at higher wavenumbers than the monomeric ones.
In the carbohydrates trehalose, maltose, lactose and sucrose these modes are expected in the respective Table 4 and, in accordance with those partial assignments reported [1] [2] [3] [4] [5] [6] 26, 31] . This way, they were assigned accordingly.
Skeletal modes:
The results most important of this vibrational study are observed in the C-O stretching modes belonging to the glycosidic R1>C1-O33-C24<R2 bonds and to the two glucopyranose R1 (C1-O16-C9) and R2 (C18-O34-C26) rings because these stretching modes are predicted in different regions in the α-and β-monomeric forms and, in some cases coupled with other stretching modes, as indicated in Table 4 . Thus, the C1-O33 stretching modes for both forms are predicted at higher wavenumbers than the C24-O33 stretching ones with significant differences between them, thus, the separation between these modes is of approximately 229 cm and C9-O16, they are predicted very closer with a difference about 36 cm -1 and, for the α-form the difference increase at 95 cm -1 . Hence, the difference between both forms due to the glucopyranose R1 is evident. Analyzing, the positions of the stretching modes for R2, these are those C18-O34 and C26-O34 stretching modes, they are observed with a difference between both modes of 16 cm -1 for the α-form and of 20 cm -1 for the β-form.
These results show that the rings R1 present notable modifications in the positions of the IR and Raman bands related with these modes as a consequence of the different positions of the α-and β-anomers. Regarding the C-C stretching modes in these species, it is observed from Table 4 that these modes are associated with IR and Raman bands in the 1106-669 cm -1 region as observed in the carbohydrates maltose (1171-668 cm
) and trehalose (1131-672 cm -1 ) which present similar rings in their structures [58, 68] . The deformation and torsions modes corresponding to both glucopyranose rings are also predicted in different positions for both anomers and, in some cases coupled with other modes. The other vibration modes expected for the α-and β-monomeric and dimeric species such as the CCC, OCO, CCO and OCC deformation modes, as summarized in Table 4 .
Force Field
In order to analyze the different forces of the bonds, especially those related with the groups most important of both forms of cellulose the force constants were calculated by using the B3LYP/6-31G* method in gas phase employing the SQMFF procedure [38] and the Molvib program [39] . Here, the force constant values compared Vol-1 Issue-1
SIFT DESK
with those observed for carbohydrates with similar rings such as maltose [58] , lactose [57] and trehalose [68] are presented in Table 5 . Evaluating first the force constants for the α-and β-forms it is observed that in general the values are slightly different for both species with exception the f(νCH 2 
), f(νC-C), f(δC-O-H) and f (δCH 2 )
force constants that present similar values, in concordance with their frequencies observed in the vibrational analysis. The higher value observed in the f(νO-H) force constants for the α-form probably explain that for the β-form when increase the temperature decreases intensities of the bands associated to the OH groups because heating weakens hydrogen bonds, as reported by Agarwal et al [63] . On the other hand, it is very important to note that the f(δC-O-C) force constants related to the glycosidic bonds is higher in the α-form than the corresponding β-form while the f(νC-H) force constant in the α-form is higher than the other one, as expected because some frequencies corresponding to these vibration modes are observed to higher wavenumbers in the α-form than the other one. The comparisons among the force constants for the α-and β-forms of cellulose with those corresponding to maltose, lactose and trehalose [57, 58, 68] are presented in Figure S12 . The figure clearly shows differences in the f(νC-O) C force constants related to glycosidic (C1-O33, C24-O33) bonds, to (C1-O16, C9-O16) bonds belong to R1 ring and to (C18-O34, C26-O34) bonds belong to R2 ring and, besides, to the f(δC-O-C) force constants related to the angle corresponding to glycosidic bonds. Hence, the tendency observed in both forms is: maltose > lactose > cellulose > trehalose.
Conclusions
In this work, monomeric and dimeric species of α-and β-cellulose were vibrationally characterized by using the experimental available FT-IR and Raman spectra and the experimental available structure for the β-form. The theoretical structures of both α-and β forms were determined at the B3LYP/6-31G* level of theory in gas and Supporting Files Figure S2 . Experimental available infrared spectra of cellulose in the solid state taken from: (a) Ref. [60] , (b) Ref. [32] , (c) Ref. [61] , (d) Ref. [23] , (e) Ref. [6] , (f) Ref. [24] and (g) Ref. [26] . Figure S6 . Comparisons among the experimental available terahertz infrared spectrum of microcrystalline cellulose in solid phase in the 400-0 cm-1 region taken from Ref [59] with thepredicted for the α-and β-forms monomeric and dimeric species in gas phase at the B3LYP/6-31G* level of theory. those corresponding to some carbohydrates [57, 58, 68] at the B3LYP/6-31G* level of theory. Vol-1 Issue-2 SIFT DESK Table S1 . Atomic MK and NPA charges for the two forms of cellulose in gas and aqueous solution phases using the B3LYP/6-31G*Methoda GAS PCM GAS PCM GAS PCM GAS PCM 
